The research questions explored in this study were: To what extent do engineers feel that they are confronted with ethical dilemmas at work? Did ethical dilemmas contribute to changing jobs or careers? Did these issues vary between types of engineering jobs, engineering disciplines, or gender? Survey responses were received from 504 individuals and represented 719 different jobs. For 31% of the jobs, individuals indicated that they never felt that they had been confronted with an ethical or moral dilemma regarding how their work impacted people, society, and/or the environment. This may truly reflect a lack of these circumstances, or may indicate that some individuals are not adept at recognizing such issues. For 34% of the jobs, ethical/moral dilemmas were encountered infrequently and were not of significant personal concern, compared to ethical/moral dilemmas encountered infrequently but of significant personal concern in 16% of the cases. Smaller percentages of the jobs were reported to have frequent ethical dilemmas that were and were not of significant personal concern; 9% and 8%, respectively. Finally, 2% indicated that the moral/ethical dilemma was the primary reason that they had left their job. These cases might reflect that the individual was in moral distress, feeling powerless to pursue what they believed to be an ethical course of action. The frequency and degree of concern of ethical dilemmas encountered varied between job sectors and engineering disciplines, but not by gender. Informing students about the likelihood of encountering ethical dilemmas might better prepare them for these challenges.
microethical issues. Macroethical issues such as social responsibility, the impact of engineering on society, and aspirational ethics to promote human well-being are also important. [12] [13] [14] [15] Furthermore, there can be a disconnect between 'understanding' and 'action', highlighted by the American Society of Civil Engineers: "programs could have students achieve an "understanding" of [ethics]… through seminars or lectures. Seminars or lectures may be ineffective in addressing ethical decision-making and, more importantly, influencing ethical and professional behavior. In fact, professional engineers themselves have reported their ethics education as undergraduates did little to prepare them for the ethical realities they face in their profession." 16 , p. [25] [26] There is limited information on the extent to which engineers feel that they encounter ethical dilemmas in the workplace. In a 1997 survey of 100 practicing engineers, 70% of the individuals indicated that yes, they had been faced with an ethical issue in the course of their engineering practice. 17 In addition, 19 .2% indicated that an employer had done something to try to deter them from acting in alignment with their perceived ethical and social responsibility (or to penalize them after they acted). In contrast, 34% indicated they had been encouraged to act as obligated on ethical or social responsibility grounds. It is unclear if the practicing engineers who participated in this study considered both microethical and macroethical issues when responding.
In a study by Harding et al. 18 of engineering students with work experience, the unethical context most frequently noted as temptations in the workplace were improper use of company resources, followed by falsifying records, ignoring product quality problems, and lying about work quality. Less than 20% of the students noted being tempted to ignore safety problems, accept improper gifts from vendors, or take credit for others' work. These issues all seem to be primarily microethical concerns. The cited reasons for being tempted toward unethical workplace behavior were most often associated with the notion that "everyone does it", followed by "I wanted to seem better than I was" and "someone told me to do it". p. 10 Annual surveys were conducted at a large public university in 2012 to 2014 of alumni who had graduated with their engineering bachelor's degree 3 to 5 years prior. As one among many questions on a long survey, individuals were asked how often they were faced with ethical or moral decisions in their line of work. The responses from the 222 alumni were: 45% rarely, 23% monthly, 17% weekly, and 15% daily (unpublished data). It is unclear if alumni interpreted this question to include both microethical issues and societal impact concerns. There appeared to be weak differences between majors, with the highest frequency of ethical or moral issues among civil and chemical engineering majors (average 2.3-2.4, between monthly and weekly); moderate among environmental, aerospace, architectural, and mechanical engineering alumni (average 2.0-2.1, approximately monthly); and lowest among electrical and computer engineers (average 1.7, between rarely and monthly). In addition, 21% of the alumni indicated that their undergraduate experience did not at all/not very well prepare them to recognize and deal with unethical behavior.
One might expect that different engineering disciplines and sectors are more likely to encounter various ethical dilemmas. For example, bioethics relates primarily to biomedical engineering. Tow and Loosemore 19 noted that the construction industry has been branded "more corrupt than any other sector of the international economy." p. 122 The issues identified included extrinsic reward of unethical behavior, competition, unrealistic profit goals, ignoring conflicts of interest, and an absence of reward systems for those who act ethically. In a similar study of ethics in the construction industry 20 , it was noted that "all respondents had witnessed or experienced some degree of unethical conduct, in the form of unfair conduct, negligence, conflict of interest, collusive tendering, fraud, confidentiality and propriety breach, bribery and violation of environmental ethics." p. 117 Disciplines such as civil and architectural engineering are more likely to interact with the construction industry than other branches of engineering, potentially increasing their temptations for unethical behavior.
A focus on workplace ethics is not unique to engineering. Kaas 21 discusses the importance of using the affective domain of Bloom's taxonomy for designing ethics instruction for accounting students, in contrast to the approach currently used which tends to focus on microethical issues. In medicine some have bemoaned the "lack of adequate schooling in the values, ethics, and culture of caring." 22, p. 321 Studies in nursing have determined that moral distress can cause nurses to leave their jobs and/or the profession. [23] [24] Moral distress was characterized as a condition where one felt that they were powerless to pursue what they perceived to be an ethically correct action. Moral distress has also been identified in all types of healthcare professions 23 and veterinary students. 25 Gender differences in moral distress among critical care nurses were found. 26 No previous studies on moral distress among engineers were identified, but this idea could be relevant. As more students are attracted to engineering with goals of helping others, as embodied in messages from Changing the Conversation 27 and service activities such as Engineers Without Borders (EWB), it is important to determine if these individuals find a place for their values within the engineering profession. A specific impetus for this research grew out of a series of interviews with 19 alumni of engineering service programs; these interviews were conducted in spring 2013 (unpublished). Two interviewees noted ethical dilemmas that confronted them as environmental/civil engineers working in consulting. In one case, the ethical dilemmas caused him to leave engineering entirely for a career in family therapy. This quote from his interview illustrates the issue:
…there's a fundamental incompatibility that's being for profit and being for the public good… and so there were a few situations where I was asked to do things that I thought were unethical, and I kind of asked around to other people in the field who had been in similar situations where, like, the major client would say like, 'Oh, we don't think that these laws are accurate. Can you go back and, like, make these changes or...' …or one of my project managers actually he told me to kind of bury some of the findings that we came up with in text rather than (making it a clear) summary with a diagram and a... a table because, as he put it, the people at the EPA are lazy, and they won't read through the text but if they see these numbers so clearly in the...in the diagram and in the...in the summary like this then they're gonna get worried and that's gonna be a problem for our client and those kind of things that seem like clearly, clearly that's unethical. Yeah, and I had a hard time with that, so I did end up leaving [engineering] after a couple of years… This appears to be an example of moral distress that led to career change. The frequency that moral distress leading to job or career change occurs among practicing engineers is unclear.
Another engineer who was working as an environmental/civil consultant noted tensions between the business-side of engineering and ethically doing his best work:
...I guess you always know that corporations make decisions based on the bottom line, right? I mean, that's number one. They may say things differently, but, you know, in the end that's...they all have to reply that they're...to act according to their stock broker's wishes… and you have to take that into consideration when you're spending your client's money and...because it does influence their bottom line and it does...you know, if all things were great and ethics were the only thing you thought about...yeah man, punch that place full of holes and do it in an environmentally sensitive way that you get the information you need …but ethics plays into that, you know? And it's very closely tied to the economic…. Despite recognizing ethical issues, this engineer did not appear to find them particularly worrisome.
In summary, the previous research on ethics in engineering work settings has been limited and leaves a number of unanswered questions.
Research Questions
The goal of this research was to explore engineers' perceptions of the extent to which they felt they had been confronted with ethical dilemmas in their work, including situations that encompass macroethical issues. The specific research questions explored were:
RQ1. To what extent do working engineers feel that they are confronted with ethical dilemmas at work?
1a. Does this vary between types of engineering jobs? 1b. Does this vary between different disciplines? 1c. Does this vary by gender?
RQ2: Do engineers report that ethical dilemmas were a reason that they had changed their jobs?
RQ3. Are there any relationships between the perceptions of ethical dilemmas at work and one's attitudes toward professional social responsibility?
Methods
Through an exploratory mixed methods design, an online survey focused on social responsibility was developed from the results of 19 interviews with individuals who had been active in engineering service programs during college. The survey was developed in Qualtrics. The survey began with an informed consent statement that was approved by the University of Colorado Boulder institutional review board for human subjects research (protocol #11-0414). For those who consented to participate, the survey then asked a series of questions about the job where they were most satisfied with their ability to engage in service or to help people/society (or their only job after college), as well as the job where they were they were the least satisfied with their ability to engage in service or to help people / society. Individuals were asked "While working at this job, did you ever feel that you were confronted with an ethical or moral dilemma regarding how your work impacted people, society, and/or the environment?" This language was intentionally selected with the goal to activate thoughts of both microethical and macroethical issues. A question also asked to what degree ethical issues factored into their decision to leave their job. There were also 12 items to assess attitudes toward professional social responsibility, selected from among the fifty Likert-items on the Engineering Professional Responsibility Assessment (EPRA) survey. 28 The selected items focused in the professional connectedness (6 items), costs/benefits (3 items) , and analyze dimensions (3 items) of the Professional Social Responsibility Development Model (PSRDM). 29 The survey ended with demographic items including discipline(s) of their undergraduate and graduate degrees, and gender. The precise survey questions relevant to the current study are provided in the Appendix.
An email invitation to participate in the survey was distributed to seven groups in March and April of 2015 (Table 1) . For Groups 1, 2 and 3 the survey invitation email stated that the goal of the research was "to better understand the career pathways of engineers". For Groups 4 to 7 the survey invitation email additionally stated "you have been included in the study because you did or are involved in some form of engineering service". Two reminder emails were sent to each group; the survey remained open for each group for one month. Groups 1 and 2 had previously participated in a large social responsibility study when they were seniors or graduate students majoring in mechanical engineering (ME), civil engineering (CE), environmental engineering (EnvE), or other engineering majors. Groups 3 to 6 were additional respondents from among the alumni at the institutions from Group 1. Finally, Engineers Without Borders-USA (EWB-USA) sent out an email invitation to their professional members; this could encompass individuals at all career stages from any number of backgrounds. The response rates in Table 1 were calculated as a percentage of those who completed the first ethics question on the survey out of the number of delivered emails. However, individuals may have chosen not to complete various individual questions, and in particular may not have supplied the demographic information at the end of the survey. Response rates were highly variable between the groups, with a maximum of 42% from Group 3, the majority of the groups near 20%, and the EWB-USA professional members (Group 7) at only 8%. As a method to determine whether nonresponse bias might be a significant concern, the categories of the first ethics response from the "early" respondents within a group (those who responded within 4 days of the first email invitation) were compared to the "late" respondents from the same group (those who responded after the first reminder email until the survey was closed). 30, 31 The results from the chi-square tests to compare the early and late groups are shown in Table 1 . The results for all groups did not find significant differences between the early and late responders, so it is unlikely that nonresponse bias was significant.
As shown in Table 1 , the majority of the responses (~50%) were fairly recent alumni of engineering programs at 16 institutions (Groups 1 and 2). Individuals in Groups 1 and 2 had completed previous social responsibility surveys as seniors or graduate students; email matching was used to populate any demographic information that was missing from the career survey. Across Groups 1 to 6, the representation of different institution types among the respondents are summarized in Table 2 . Nearly half of all respondents were alumni from a single large public institution. A large number of responses were also acquired from alumni of medium public institutions. Among the respondents as a whole, all sizes (student enrollment small <5000, medium 5000-15,000, large >15,000) and many types of institutions were represented, including seven of the eight U.S. Carnegie geographic regions. The demographics of the respondents in the different groups are presented in Table 3 . The majority of the individuals (55%) had earned their bachelor's degree within the five years prior to the survey, and likely represent junior engineers and engineers-in-training. The sample was over-represented in women (40%), compared to the estimated 11% women among practicing engineers. 33 Higher survey response rates for women than men are commonly found. In addition, survey Groups 5, 6 and 7 were/are service-active and these groups are known to have approximate gender parity. For example, women comprise 40% of the professional members of EWB-USA. 34 Given the large number of different engineering degree disciplines that were reported by survey respondents, two clusters of similar degrees were created to aid analysis: ME+ included aerospace and mechanical engineering; CE+ included civil, construction, and architectural. A number of individuals had degrees in multiple areas, which is not surprising given that half of all of the individuals possessed both undergraduate and graduate degrees. Particularly common was an overlap between environmental and civil engineering; 51 people reported having both of these degrees.
The survey results were exported into a spreadsheet. Basic statistical tests such as a chi-squared tests were conducted in Excel. More sophisticated statistical analysis, such as the non-parametric Kruskal-Wallis test and correlation analyses were conducted in IBM SPSS Statistics version 23. Significant differences were inferred when p values were below 0.05 (sig. <0.05), values of 0.05-0.10 were indicative of potential differences.
Results and Discussion

Perception of ethical dilemmas at work
First, the extent that working engineers felt that they were confronted with ethical dilemmas at work was explored. Individuals had the opportunity to respond to the following question, and select as many answers as were appropriate: "While working at this job, did you ever feel that you were confronted with an ethical or moral dilemma regarding how your work impacted people, society, and/or the environment?" There were 269 individuals who provided a response to this question based on their only job after college, 235 responded for their most satisfying job with respect to helping others, and 215 individuals also responded for their least satisfying job with respect to helping others.
Results are shown in Figure 1 . Ninety-seven percent of the individuals selected a single option among the ethical dilemmas choices. There was a significant difference in the percentage distributions for the type and frequency of encountering moral or ethical dilemmas between the only jobs, most satisfying jobs, and least satisfying jobs (chi-squared p <0.001). Most individuals indicated that they infrequently encountered an ethical or moral dilemma at work and it was not of significant personal concern (34%); a similar percentage reported having never encountered a moral or ethical dilemmas at work on these jobs (31%). A smaller percentage (18%) indicated that they frequently encountered ethical or moral dilemmas at work; for about half of these the dilemmas were of significant personal concern. For their least satisfying job, 7% (15 people) indicated that the moral/ethical dilemma was the primary reason they had left the job; this response was not given by anyone in relation to their most satisfying job with respect to helping people and/or society or for their only job.
Figure 1. Responses related to being confronted with ethical or moral dilemmas
Exploring the individuals who described both a most and a least satisfying job, 59% had different ethical ratings for the two jobs. These ratings were, however, correlated (Pearson correlation coefficient 0.211; 2-tailed sig. 0.003). This result seems to imply that both the job characteristics and individual characteristics determined if a person perceived ethical dilemmas at their job. Among the 41% of the people who rated both jobs with the same ethical dilemma category, 36% indicated that in both jobs they were never confronted with a moral or ethical dilemma. This may be due to a lack of perceiving some situations as posing ethical dilemmas, while others might have characterized the same situations differently. This idea is reflected in the Pittsburgh-Mines Engineering Ethics Assessment Rubric, where the attribute "recognition of dilemma" has a level 1 where an individual does not perceive an ethical problem and a level 4 where an individual has an ability to recognize less obvious ethical dilemmas. 35 The perception of encountering ethical dilemmas at work varied among engineering job types (Figure 2 ; sig. 0.000). No ethical dilemmas were reported most frequently in association with engineering research and non-engineering jobs. The explanations for working in these nonengineering jobs varied widely, including "Forced to find second career after being laid off from the petroleum industry in 1980's" to "I have never worked professionally as an engineer, though my technical background has been valuable in many other positions." The highest frequency of encountering ethical dilemmas were cited by those working for non-governmental organizations (NGOs) or non-profits. This is particularly interesting given that individuals who are motivated for public good are more likely to select an NGO for a job (as indicated by individuals working for NGOs having the highest average overall social responsibility scores as compared to the other job sectors in this survey). Therefore, these individuals might also be particularly attuned to moral or ethical dilemmas, particularly those of a macroethical nature such as social justice. Further, many of these situations might include work in international settings (such as EWB-USA). Differences in cultural norms may lead to ethical and moral dilemmas. This may include aspects such as "facilitation payments" (aka. bribes) that are common in some settings. 36 Note that the job types were not equally represented; the majority of the jobs were in consulting/industry (47%), followed by the public sector (13%), non-engineering (8%), engineering research (8%), academia (8%), and NGOs/non-profits (8%). The perception of confronting ethical dilemmas and personal concern resulting from it varied among different college engineering majors (sig. 0.04). As shown in Figure 3 , graduates with electrical and computer engineering (ECE) degrees had the highest percentage of individuals who did not perceive that they had been confronted with an ethical or moral dilemma on the job; environmental engineering graduates had the lowest percentage of individuals with this belief.
There were not significant differences between engineering majors in the frequency that individuals perceived encountering ethical dilemmas (sig. 0.14). Between 41-45% of those with degrees in chemical engineering, ECE, environmental, and ME+ reported infrequently encountering ethical dilemmas at work, compared to 53% of those with CE+ degrees. A frequent perception of encountering ethical dilemmas at work was reported by 25% of those with environmental engineering degrees, compared to 17-19% of ME+ and CE+ degree holders, and 9% of those with ECE and chemical engineering degrees. While these percentages appear very different, the low numbers of individuals representing some degree types likely prevented the differences from being statistically significant. The perception of encountering ethical dilemmas at work was not significantly different between genders (chi-squared test sig. 0.07; Kruskal-Wallis test sig. 0.296). For example, 34% of the males and 27% of the females indicated that they had never encountered a moral or ethical dilemma in the course of their work.
Changing jobs due to ethical dilemmas
The very small number of individuals (n=15) who reported changing jobs due to ethical concerns were explored in more detail. All of these job changes were associated with the job the individual had characterized as the least satisfying with respect to service and/or helping people/society. The characteristics of these individuals who changed jobs due to ethical issues as compared to all of the individuals who reported a least satisfying job are summarized in Table 4 . The low numbers prevented appropriate application of statistical chi-squared tests, and therefore statistical differences should not be inferred. The job types most commonly associated with a change due to ethical dilemmas were consulting/industry (53%) and public sector (27%); there were similar proportions of these job types among all 215 individuals who reported a least satisfying job. The median amount of time that individuals remained at the job that they left due to ethical dilemmas was 1 to 3 years; by comparison, 26% of the engineers were still working at the job that they characterized as least satisfying. Most of the individuals who left a job due to ethical issues held degrees in civil and/or environmental engineering. A higher percentage of aerospace and environmental engineers and fewer mechanical engineers left the job due to ethical dilemmas, compared to the overall data set. There was not a difference in tendency to leave based on gender. All 15 individuals also reported encountering ethical dilemmas at their 'most satisfying' job; these individuals may have been more discerning in viewing situations through an ethical lens. There were no obvious categorical differences evident in the types of individuals or jobs that were left due to ethical dilemmas. (2) 7 (1) 47 (7) 33 (5) 7 (1) Ethical dilemma perceptions and social responsibility attitudes Potential relationships between individuals' social responsibility attitudes and their perception of ethical dilemmas were explored. For each individual, the "worst" situation for ethical dilemmas at work was identified. For example, if an individual characterized one job as never encountering an ethical dilemma but their other job as infrequently encountering an ethical dilemma of significant personal concern, the second categorization was associated with the individual. Then the average social responsibility scores were calculated for individuals in each category of "worst" ethical situation. Results are shown in Table 5 . SR12 reflects the average across the 12 7-point Likert-items used to measure social responsibility (SR). The individuals who reported never encountering ethical dilemmas at work or encountering them infrequently and not finding them of significant personal concern had the lowest SR12 scores. The SR12 scores increased for individuals who perceived ethical dilemmas more frequently and/or perceived them as more serious. There were weak positive correlations between attitudes toward professional social responsibility (SR12) and the perception of being confronted with unethical situations. These correlations were the strongest with the six items that measured the professional connectedness dimension (PC6) of the PSRDM. Professional connectedness represents an individual's sense of moral obligation to help others due to the professional skills that they possess. There was nearly a full Likert-point difference in the average PC6 scores of individuals who indicated that they had left their job due to ethical issues as compared to those who never encountered ethical dilemmas at work or encountered ethical issues infrequently that were not of significant personal concern. 
* 2-tailed significance
Interestingly, the frequency of perceiving ethical dilemmas was more related to higher analyze dimension scores (Analyze3) than the personal significance, as indicated by the inversion of the trend between the F/NS and IF/S categories. The analyze dimension represents the opinions that one should examine social issues from a professional perspective and include stakeholders in engineering decisions. An example of one of the items that was used to measure the analyze dimension was "It is important for engineers to consider the potential broader impacts of technical solutions to problems." It is logical that someone who believes this more strongly would be more likely to perceive an ethical dilemma related to how their work impacted people, society, and/or the environment as compared to an individual who felt that this was not important.
The weakest differences and correlations were in the cost/benefit dimension (CB3). These items reflect one's appreciation for trade-offs between engaging in behaviors that help others through work. Those with the highest CB scores were those who described significant personal concern upon encountering ethical dilemmas at work. One item from the survey that represents this dimension was "I would be willing to have a career that earns less money if I were serving society."
At the end of the survey, individuals were invited to share any comments about ethical or social responsibility ideas. Only 33 comments were written-in, and among those only 4 addressed issues directly related to ethics. These comments were:
I worked soil and groundwater contamination and remediation projects -these were somewhat satisfying but my employer was unethical and I left the job after 6 months.
I found the Engineering Consulting work that I did out of school to be highly unethical. This may have been my company culture, but several of my peers from different firms had similar experiences.
More opportunity to influence business ethics, ethical sourcing, small business promotion etc.
In consulting, I had the privilege of working at companies that took on clients and projects that we were comfortable with and therefore did not have to worry about ethical concerns.
The comments show that individuals had different experiences and opinions about their work in the consulting sector.
Summary and Conclusions
There were few engineers that appeared to have experienced moral distress. Less than 7% of the individuals in the survey indicated that they had left their least satisfying job due to ethical dilemmas. Among those, 13 located to other engineering jobs while two (13%) left engineering for other professions. Given this small number, there was no evidence of differential moral distress within a particular type of engineering job, engineering discipline, or gender. It is possible that this number is higher than might be typical for engineering, given that 63% of the respondents for a least satisfying job represented individuals in survey Groups 4, 5, 6 and 7 -all of whom had participated in engineering service programs in college or were currently active members of EWB-USA. These individuals might have greater aspirations to helping others through engineering, and as-such be less tolerant of perceived ethical dilemmas regarding how their work impacts people, society, and/or the environment. These groups also were most likely to represent respondents who had more work experience since they were not based on alumni who had recently completed a previous survey as students.
The study found differential self-reported frequency and personal concern over perceived ethical dilemmas on the job based on job sector. It is certainly possible that individuals on the survey may have interpreted the terms "frequently" and "infrequently" differently. Based on other studies, it appears that frequently is perhaps daily or weekly, while infrequently is closer monthly or a few times per year. Differences in personal concern but not frequency were found between different disciplines. No differences were found between genders.
The results point to an array of additional research questions. What types of moral and ethical dilemmas do individuals perceive? Do the types of ethical dilemmas vary between job sectors or in different disciplines of engineering work? This information could be helpful in order to discuss these issues during undergraduate and graduate education, so as to better prepare engineers for the types of situations that they will encounter. It is also important to understand the sources of these pressures -do they originate from more senior engineers or from those outside the engineering profession? This information might open more dialogue across the engineering profession to encourage ethical behavior and reduce the ethical pressures that are being encountered. This approach has been taken in regards to global ethics. [37] [38] A greater understanding of the ethical pressures faced by engineers is a good first step in determining how to improve the education of engineers to face these challenges.
